Historical evidence prior to the 1950s introduction of antipsychotic medication suggests an association between mental illness and diabetes (3) . An increased rate of impaired fasting glucose was recently reported in drug-naive individuals with schizophrenia (4) . In contrast, by indirect measures of fasting glucose and insulin (that is, the HOMA-IR), others found relative insulin resistance in previously treated, but not in antipsychotic-naive, individuals with schizophrenia (5) . No research has been published in drug-free patients with schizophrenia, using dynamic, rigorous, and validated measures of insulin sensitivity and insulin secretion.
The FSIGTT is widely used and considered valid for the simultaneous assessment of insulin secretion and insulin sensitivity (6, 7) . In addition, adiponectin, an adipocytederived peptide, is independently associated with apparently healthy individuals' risk of developing type 2 diabetes (8).
The goal of our study was to use the FSIGTT and fasting adiponectin levels to compare drug-free patients with schizophrenia and matched healthy volunteers.
Methods
We studied 9 consecutively presenting patients to the First Episode Psychosis Program at the Centre for Addiction and Mental Health in Toronto who were willing to participate. They were drug-free, met American Psychiatric Association DSM-IV SCID criteria for either schizophrenia or schizoaffective disorder (9) , and were capable of providing informed consent. We also studied 9 healthy matched volunteers.
Healthy volunteers were matched with the patients for age, sex, ethnicity, smoking status, BMI, and waist circumference; they had no psychiatric disorder on structured interview. Patients and healthy volunteers were medically screened, were physically healthy, and did not have diabetes or impaired fasting glucose on a fasting glucose determination according to American Diabetes Association criteria (10) . None of the patients and one of the healthy volunteers had a first-degree relative with type 2 diabetes. All participants gave informed consent to the Research Ethics Board-approved study protocol.
We performed a 3-hour FSIGTT with Bergman's minimal model analysis, using an insulin-modified protocol (11) . Following baseline blood samples, a bolus of 50% glucose (25.1ml/m 2 body surface area) was rapidly injected intravenously at time 0 minutes, and further blood samples were taken. At 20 minutes, we injected participants with intravenous insulin (1.6 U/m 2 ). We obtained additional blood samples from 20 minutes to 180 minutes. We determined Si by kinetic analysis of resulting blood glucose and insulin concentrations, using the minimal model (6) . Acute insulin response to glucose, a measure of insulin secretion, was calculated from the area under the insulin curve from 0 minutes to 10 minutes. Disposition index was calculated from the product of Si and acute insulin response to glucose.
Additionally, we measured fasting adiponectin prior to the FSIGTT, morning plasma cortisol, dietary intake (with a 3-day food diary), and physical activity (with a nonstandard ized self-report questionnaire).
We compared dependent variables with unpaired t tests, using the SPSS statistical software package, version 12.1.
Results
Of the 9 patients, 7 had never been treated with psychotropic medications and 2 had no antipsychotic treatment for more than 1 year. Seven patients were diagnosed with schizophrenia and 2 with schizoaffective disorder. One patient was a hospitalized inpatient and 8 were outpatients. Patients scored on average 53 (SD 10) on the Brief Psychiatric Rating Scale, which is consistent with moderate levels of symptom intensity.
The patient group and the control group were well matched, and each consisted of 8 male subjects and 1 female subject: 5 individuals of European descent, 2 of South Asian descent, and 2 of Afro-Caribbean descent. The age (26.6 years, SD 8.7, and 27.1 years, SD 6.2, respectively), BMI (23.7 kg/m², SD 2.9, and 23.7 kg/m², SD 2.7, respectively), and smoking status (that is, 4 patients with schizophrenia and 3 volunteers who smoked) of the patient and control groups were similar.
According to self-report of sleeping, sitting, walking, and exercise time, patients and healthy volunteers had similar levels of physical activity.
Patients reported consuming fewer calories than healthy control subjects (1590 Kcal, SD 969, compared with 2669 Kcal, SD 869; P = 0.029), and patients tended to consume less dietary fibre (6.1g/100 Kcal, SD 6.2, compared with 10.7 g/100 Kcal, SD 5.3; P = 0.122); percentage of energy from total and saturated fat was similar.
Morning cortisol was similar between patients and healthy volunteers (369 nmol/L, SD 153, compared with 347 nmol/L, SD 100). Glucose disposal differed between patients and healthy volunteers, with patients having higher glucose levels between 12 minutes and 60 minutes after injection of intravenous glucose (Figure 1 ), whereas insulin levels were similar at all time points. Mean Si was 42% lower in patients than in control subjects (P = 0.026) (Inset A), while acute insulin response to glucose was similar (P = 0.752) (Inset B). There was a trend toward reduced disposition index in patients (1370, SD 872, compared with 2019, SD 744; P = 0.108).
Fasting adiponectin tended to be lower in patients (20.3 ng/ml, SD 8.40, compared with 29.3 ng/ml, SD 10.0; P = 0.055).
We conducted a subanalysis on the 7 medication-naive patients and matched healthy volunteers. Here, insulin sensitivity in the patients was reduced by 49.8% (P = 0.025), and adiponectin was reduced by 33.01% (P = 0.034).
Discussion
The results indicate that drug-free patients with schizophrenia are insulin-resistant with failed compensation in insulin secretion needed to maintain glucose disposal in the face of reduced insulin sensitivity. This suggests that schizophrenia itself or associated lifestyle factors are associated with insulin resistance and may also influence b-cell compensation. Additionally, increased susceptibility to diabetes in these patients is supported by the trend toward lower adiponectin levels. These findings are unrelated to previous antipsychotic treatment and remain consistent when comparing only drug-naive patients with matched control subjects.
Increased insulin resistance may be a consequence of emotional stress and disturbed pituitary-adrenal function and therefore not specific to schizophrenia. However, in the patients we studied, morning cortisol, a crude measure of stress, was no different from that of healthy volunteers. Lifestyle factors, such as a diet high in saturated fat and low in fibre and physical inactivity, may contribute to insulin resistance. However, we found no significant difference between patients and control subjects in physical activity or fat intake. Patients tended to consume less dietary fibre, which is consistent with other populations that have an increased prevalence of diabetes (12) . This may account for the increased insulin resistance, but our small sample size limits a definitive statement to that end. Increased visceral adiposity, as reported by other authors (13), may account for the increased insulin resistance, and an association between visceral adiposity and low adiponectin levels has been reported. Although patients and healthy volunteers had similar waist circumference, we did not include a direct measure of visceral fat.
We conclude that, as a group, patients with schizophrenia are insulin-resistant in the absence of treatment with antipsychotic medication, which suggests that the disease itself, or associated lifestyle and environmental factors, is associated with an increased susceptibility to diabetes. Thus it appears that antipsychotic medication is not a necessary but rather a contributing factor in accounting for the increased diabetes risk. Antipsychotic-emergent diabetes should be studied as an interaction between illness-related vulnerability and antipsychotic treatment. Adiponectin may be a useful marker of diabetes risk in patients with schizophrenia, and future studies should include measures of visceral adiposity. While the small number of study participants may limit generalizability, our study is strong in that it provides clear evidence, by direct measurement, of relative susceptibility to diabetes in a group of patients with schizophrenia who are free of antipsychotic treatment. Further research with larger study samples is needed to replicate these findings and to further explain the association between schizophrenia and insulin resistance. Résultats : L'indice moyen de SI des patients était 42 % plus bas que celui des volontaires en santé (P = 0,026), avec une compensation inadéquate de sécrétion d'insuline. Les patients souffrant de schizophrénie tendaient à avoir des concentrations réduites d'adiponectine (P = 0,055).
Résumé

Conclusions :
Par une mesure directe, cette étude fournit la preuve de la résistance à l'insuline et la susceptibilité au diabète de type 2 chez les patients souffrant de schizophrénie exempts d'antipsychotique.
